The frequency and abundance of invasive alien woody plants were recorded along roadsides and at watercourse crossings in 31% (90/286) of the quarter degree squares in the study area. The survey yielded 23 species of which the most prominent invaders were Prosopis spp. The most prominent remaining species were: Opuntia ficus-indica, Nicotiana glauca and Melia azedarach.
INTRODUCTION

Survey history and objectives
This study of the northern Cape is the fourth of eight regional surveys which together are designed to reflect invasion by woody alien plants in the Republic of South Africa as a whole. Surveys have been completed for the Transvaal (Henderson & Musil 1984) . Natal (Henderson 1989) and Orange Free State (Henderson 1991) . This survey of the northern Cape was undertaken in April 1989.
The objectives of the survey are: to produce a checklist of the major invasive alien woody plants of streambank. roadside and veld habitats in the study area; to determine the pattern of alien woody invasion as a whole and for in dividual species; to attempt to relate distribution to environmental factors and to determine w hich are the most prominent and potentially important invaders.
The study area
The study area is the Cape Province north of the Orange River. It is bounded by Botswana in the north. Namibia in the west, and the Transvaal and Orange Free State in the east. It lies between latitudes 25° and 30°S and longi tudes 20° and 26°E (Figure 1 ). The study area incorporates the southern end of the Kalahari basin which is a virtually continuous surface of red or whitish sand stretching from the Orange River in the south to equatorial Africa in the north (Wellington 1955) . Longitudinal dune ridges are most strongly developed in the south-western parts of the study area. Towards the east the sand forms a flat to undulating surface. The altitude of this sandy area ranges from 600 to 1 200 m above sea level (King 1951) . The southern periphery of the basin is bordered by a plateau of higherlying rocky terrain. The most prominent features are the Langeberg, Kuruman and Asbestos Mountains and the Ghaap Plateau (Figure 1 ). The latter lies about 1 500 m above sea level and is an outlier of the extensive Highveld plateau of South Africa, detached from it by the Harts, Vaal and Orange Rivers.
The major rivers draining the plateau of the study area are the Orange, Vaal, Harts and Riet Rivers, all of which are usually perennial and flow from east to west. The Kalahari basin is drained by the Molopo and Kuruman Rivers from the east, and the Auob and Nossob Rivers from the north-west. All four rivers converge in the centre of the basin, the Molopo receiving the other three as tribu taries. These rivers are usually dry, flowing only for short periods during abnormally wet seasons. The rare floodwaters that reach the lower course of the Molopo River are diverted by a sand dune across the old river course into a large pan (Leistner 1967) .
The climate ranges from arid in the west to semi-arid in the east (Schulze & McGee 1978) . Rain falls mainly in summer and is extremely variable (Tyson 1986) . The mean annual rainfall ranges from less than 200 mm in the west to about 500 mm in the east (King 1951) . Summers are very hot with temperatures frequently exceeding 30°C (Tyson 1986) and maximum temperatures generally in the vicinity of 40°C and occasionally higher (Bands & Britton 1977; Leistner 1967) . Winter temperatures can drop below 0°C (at least 30 days per annum in the east) (Tyson 1986) and frost varies from light in the west to moderate in the central and eastern parts (Poynton 1972 ).
There are two biomes. Savanna and Nama-Karoo. in the study area (Rutherford & Westfall 1986) (Figure 2 ). The Savanna Biome, characterized by the codominance of hemicryptophytes (mainly grasses) and phanerophytes (trees and shrubs) is situated in the central and eastern semi-arid parts. The Nama-Karoo Biome, characterized by the codominance of hemicryptophytes (mainly grasses) and chamaephytes (dwarf shrubs), is situated in the western arid parts. Both these Biomes incorporate parts of the Kalahari basin and the stony plateau.
Seven Acocks Veld Types (Acocks 1988) occur in the study area (Table 1) The greater part of the study area is sparsely populated and is used for stock farming. The eastern regions of the Savanna Biome are primarily cattle farming areas, whereas the western regions of the Savanna Biome and the NamaKaroo Biome are sheep farming areas (Gubb 1985) . Intensive agricultural land use is mainly restricted to the land bordering the perennial rivers.
M ETHOD
Sampling method
The method used in this survey was basically the same as that used in previous surveys but with changes to the abundance scale for streambank habitats recommended by Henderson (1989) (see next subheading). The presence and abundance of all naturalized alien trees and large shrubs were recorded for each veld type category, habitat type (roadsides and adjoining veld, and streambanks) and quarter degree/fifteen minute square traversed by road. Seven quarter degree squares were selected for more intensive surveying (Figure 2 ). They may be used at a later date for a quick resurvey of the study area to assess any changes that may have taken place.
Recordings of roadside and veld invaders were made from a moving vehicle along road transects of between Five and ten kilometres in length. The average transect length was 8,9 km for the general survey and 5,0 for intensive sites. Abundance estimates were based on the frequency of encounter of invader species within each transect. Recordings of streambank invaders were made at watercourse crossings or at regular five kilometre inter vals along watercourses with few or no crossings. The latter situation applied to the dry riverbeds of the Kuruman. Nossob and Molopo Rivers where roads travelled were either adjacent to the watercourses or in the riverbeds.
An unusual situation arose during this survey in that most of the roads used to survey the Nama-Karoo Biome followed watercourses very closely. Roadside recordings were continued as normal along these routes even though at times the road travelled was in the riverbed. This must be taken into account when interpreting the results for invaders of roadside and veld habitats in the Nama-Karoo Biome. Henderson (1989) recommended that the abundance scale for streambank habitats be revised or replaced with a cover-abundance scale. In this survey the Braun-Blanquet cover-abundance scale has been used. Like the scale used in previous surveys, it has seven numbered ratings. The ratings in the old and new scales are roughly comparable. The new scale differs from the Braun-Blanquet scale, which is numbered from one to five with two ratings, r and + , below one. The upper four scale values refer only to cover, which is understood as the vertical crown or shoot-area projection per species. The lower scale values are primarily estimates of abundance, that is number of individuals per species (Mueller-Dombois & Ellenberg 1974) . W hereas the Braun-Blanquet scale is intended to be applied to a reference area of uniform size, this has not been the case in this survey. Instead the reference area has been defined by the w idth of the watercourse and the distance (up to 100 m on either side of the crossing) to which invaders can be observed.
Sampling level achieved
The sampling level achieved was 31% (90 out of the total 286 quarter degree squares) at an average of 22,8 km travelled per square. An average of 17,7 km of road transects were sampled per quarter degree square for abun dance estimates of roadside and veld invaders.
The coverage of each biome, Acocks Veld Type group ing and the whole study area is given in Table 3 .
Data treatment-formulae used
Frequency
The percentage frequency of occurrence of a species x in a given category (biome or study area) y was calculat ed as follows:
Abundance ratings
The abundance ratings for invaders of roadside and veld habitats and streambank habitats are given in The com m onest species in a generally continuous 500 -999 reference area tree or shrub layer Any number, with 50 -7 5 % cover 6 7 Less abundant than above but greater than 20 in 2 0 0 -4 9 9 Any number, with 2 5 -5 0 % cover 5 dividuals or groups per km Any number, with 5 -25% cover 4 6 1 0 -2 0 individuals or groups per km 100-199 Num erous, but less than 5% cover or scattered. 3 5 5 -1 0 individuals or groups per km 5 0 -9 9 with cover up to 5% 4 2 -5 individuals or groups per km 2 0 -4 9 Few. with small cover 
Prominence value
The prominence value is a combined measure of a species' frequency and abundance relative to that of all other species within a given category (biome or study area).
In streambank habitats the prominence value for species x in category y was calculated as follows: The abundance ratings were weighted according to the minimum percentage cover in each scale rating (see Table  2 ). Thus ratings 7, 6, 5 and 4 had weighted values of 75, 50, 25 and 5 respectively. Ratings 1, 2 and 3 each had weighted values of 1.
In roadside and veld habitats the prominence value for a species x in category y was calculated as follows: Mean species abundance rating in roadside and veld habitats (see Table 7) The mean abundance rating** of species x in a given category (biome or study area) y was calculated as fol lows:
each abundance rating was expressed in numbers of individuals or groups recorded per transect (see Table 2 ). To be both conservative and consistent the minimum num ber was used in each instance, e.g. an abundance rating of 5 over ten kilometres = 50 and an abundance rating of 5 over five kilometres = 25. mean no. of individuals or groups per 10 km converted to rating (see Table 2 ). mean no of tota* no-°f individuals or groups of species individuals _ * In category y__________________________ or groups tota| distance along which species x was per 10 km rate(j jn category y
Mean abundance o f invaders per km in roadside and veld habitats (see Table 5 and Figure 4 )
The mean abundance of invaders per kilometer in a given category (biome or study area) y/quarter degree square z was calculated as follows:
Mean abundance total abundance* of all species in category y/quarter degree square z total kilom etres rated for abundance estimates in category y/quarter degree 7.
RESULTS
The survey yielded 23 naturalized alien species. These species are listed in the Appendix together w ith a further 13 species of trees and large shrubs which were obtained from Gubb (1985) and Brown & Gubb (1986) . The distri butions and high abundance areas of the 12 most promi nent species are given in Figure 6 .
In previous surveys the results were presented for each biome and their constituent veld type categories based on Acocks's Veld Type groupings. In this survey the results are only presented for each of the biomes as a whole. There are two reasons. Firstly, insufficient data was obtained for the separate analysis of the Karoo and False Karoo veld type categories. Secondly, as can be deduced from the introduction, Acocks's Veld Type categories are in need of revision in the study area.
The streambank habitat
The whole study area One hundred and ninety four watercourse crossings were sampled in which 14 species were recorded, with up to eight species in one sample (Table 4) . Invaders were present at 46,4% of all crossings and 7,2% of all cross ings were heavily invaded (Table 4) . * 1 or more species scored an abundance rating of 5 or more. ** see data treatm ent-form ulae used. F -% frequency of occurrence; 1 -% crossings heavily invaded; P = prominence value; * species occurring in the given category but not included in a formal recording at a watercourse crossing.
Analysis according to veld type
There was more invasion in the Nama-Karoo Biome than the Savanna Biome in terms of percentage crossings invaded and percentage crossings heavily invaded (Table  4) .
Analysis according to species
Frequency
Only Nicotiana glauca and Prosopis spp. were recorded at 10% or more crossings in the whole study area (Table   6 ). Prosopis spp. were by far the most frequently en countered species in the whole study area (33,0%) and particularly in the Nama-Karoo Biome (48,6%). They were much less frequent in the Savanna Biome (13,8%) but were still, along with Nicotiana glauca (13,8%) and Melia azedarach (11,5%), the most frequently recorded species.
Prominence
Prosopis spp. were the most prominent invaders in the study area with a prominence value of 139,6 out of a combined total for all species of 200 (Table 6 ). They were particularly prominent in the Nama-Karoo Biome where they were heavily invasive (i.e. scored an abundance rating of 5 or more) at 10,3% of all watercourse crossings (Table   6 ). Only Eucalyptus sp. cf. camaldulensis and Nicotiana glauca were also recorded as heavily invasive but much less frequently (Table 6 ).
Roadside and veld habitats
The whole study area 182 The most frequently recorded species in the Savanna Biome were Opuntia ficus-indica (56,8%), Prosopis spp. (43,2%) and Melia azedarach (26,6%). Other species which were less frequent but which were recorded in more than 10% of all transects were Nicotiana glauca, Opuntia sp. cf. rohusta cultivars and Agave americana.
Prominence
Prosopis spp. scored the highest prominence values in the whole study area (109, 8) and in the Nama-Karoo Bi ome (186,5) ( Table 7) . Opuntia ficus-indica was the most prominent invader in the Savanna Biome with a promi nence value of 65,2 followed by Prosopis spp. and Melia azedarach.
Prosopis spp. were the only species recorded as heavily invasive (i.e. scored an abundance rating of 5 or more) in the Nama-Karoo Biome. In the Savanna Biome Prosopis spp., Opuntia ficus-indica and Nicotiana glauca were the only species recorded as heavily invasive.
Patterns of invasion
In roadside and veld habitats there was a general trend for increased species diversity of alien woody invaders from the arid west to the less arid east (Figure 3 ). In streambank habitats there was no clear west-east trend (Figure 4 ) but rather a trend for increased species diversity from dry or seasonal rivers to perennial rivers. For example, only three species were recorded along the Kuruman, Molopo amd Nossob Rivers while up to nine species were recorded along each of the Orange and Vaal Rivers and a combined total of 13 species along both rivers. Bothalia 21,2 (1991) Ninety quarter degree squares and 198 road transects were sampled in which 20 species were recorded. Up to 10 species were recorded per quarter degree square. Invaders were recorded in 86,4% of all road transects sampled and 10,1% of all transects were heavily invaded (Table 5) .
Analysis according to veld type
More invasion was recorded in the Nama-Karoo Biome than in the Savanna Biome in terms of percentage tran sects heavily invaded and the mean abundance of invaders per km. However, more species were recorded and a great er percentage of road transects were invaded in the Savanna Biome (Table 5) .
Analysis according to species
Frequency
The most frequently recorded species in the study area were: Prosopis spp. (54,5% ), Opuntia ficus-indica (41,9%), Melia azedarach (18,7%) and Nicotiana glauca (12,6%) ( Table 7) .
Prosopis spp. with a percentage frequency of 81,4% were by far the most frequently recorded species in the NamaKaroo Biome. They were the only species to be recorded in more than 10% of all transects in the biome. Heavily invaded watercourses and road transects were almost entirely due to infestations of Prosopis spp. The details regarding infestations of Prosopis spp. are given in Table 8 . Heavily invaded road transects occurred almost exclusively where roads travelled were either adjacent to seasonal or perennial watercourses such as at Upington. Douglas and Hotazel or in dry riverbeds such as along the Molopo and Kuruman Rivers (Figures 3 & 5) . The most severe invasion of watercourses in terms of the abun dance of invaders was recorded along the dry riverbed of the Molopo River south of Witdraai and along dry or seasonal tributaries of the Orange River between Upington and Grootdrink ( Figure 4 , Table 8 ).
DISCUSSION
Sampling level achieved and validity of results
The sampling level achieved (31,9%) was considerably less than in previously surveyed regions (Transvaal-60%, N atal-87%, and Orange Free State-66% ). This was considered justifiable due to the greater aridity and uniformity of the indigenous vegetation, smaller human population and lesser development of the present study area compared to previously surveyed regions. Previous studies have shown that one can expect less invasion in drier regions and in areas with less disturbance (Henderson & Musil 1984; Henderson 1989 Henderson , 1991 .
The survey route was carefully designed to cover a wide area, to traverse all major veld types and to sample as wide a range of habitats as possible. More extensive sampling of the perennial rivers, which appear to be the habitats most susceptible to invasion, would have been desirable.
It may be possible to extend this coverage en route to the central and western Cape regions which are to be surveyed at a later date.
The tall grass cover over most of the study area at the time of the survey made it difficult to see certain species, particularly the low-growing Opuntia spp. It is suspected that the presence of these species was sometimes over looked and their abundances underestimated.
Prominent and potentially important species
Most invasion in the study area can be attributed to Prosopis spp. The identification of the taxa within this genus is difficult because the characteristics used in iden tification (details of the leaflets, pods and spines) vary under different climatic conditions and there is evidence of hybridization (Harding 1987) . As a result of these difficulties all invasive taxa of Prosopis have been referred to as Prosopis spp. in the results of this survey. However, some specimens were collected and these were identified as P. glandulosa var. glandulosa, P. glandulosa var. torreyana and P. cf. velutina. P. glandulosa var. glandulosa appeared to be the least invasive and this is in agreement with findings by Harding (1987) . P. glandulosa var. torreyana appeared to be the most prominent invader in the densely infested area along the Molopo River south of Witdraai. P. cf. velutina and P. glandulosa var. torreyana were prominent in the Upington area. According to Harding (1987) , P. velutina is invasive in the Mafikeng area.
At least four other species of Prosopis have been introduced into southern Africa, the earliest known introduction date being 1879 or before (Fovnton 1990). They were mainly introduced as a source of fodder, as they produce highly nutritious pods, and for shade (Harding 1987; Poynton 1990 ). In Leistner's (1967) study of the plant ecology of the southern Kalahari, which includes the major part of the Nama-Karoo Biome covered in the present sur vey, th ere is no m ention of Prosopis spp. (Harding 1987) , which are situated to the south of the study area under discussion here. The habitats favoured are areas where ground water is assured and which 'unfortunately' are also the most fertile habitats in these arid regions (Harding 1987 ).
In the present study Prosopis spp. were most abundant along the dry riverbeds of the lower Molopo and Kuruman Rivers and tributaries of the Orange River between Upington and Grootdrink ( Figure 6 ). The most extensive stands of Prosopis spp. were noted along the Molopo River. Since roads closely follow watercourses in this region, Prosopis spp. scored high abundance ratings in roadside as well as veld habitats. They were not confined to the riverbed of the Molopo River but in places had invaded dune valleys and the lower slopes of dunes.
Prosopis seed germination is enhanced by its passage through the digestive tract of animals (Harding 1987) . This feature and the prolific seed production of the invasive Prosopis spp., and the effective dispersal of seed by water, domestic stock and a wide range of indigenous animals (Brown & Gubb 1986 ), all favour the further expansion of these species. All watercourses are potentially at risk from invasion by Prosopis spp. and it is predicted that without drastic control measures dense infestations could develop along large stretches of the Molopo and Kuruman Rivers. Cultivation along the banks of the Orange River could prevent the development of dense stands but seed washed down to the very arid uncultivated lower reaches of the river outside of the study area could also result in infestations of Prosopis spp.
A study of water-stress patterns in P. glandulosa var. glandulosa by Haas & Dodd (1972) showed that this species, while 'an extravagant user of readily available water', can protect itself from excessive stress when soil water becom es lim iting. This drought-endurance mechanism together with its seed dispersal by many animals suggests that Prosopis spp. may have the potential to spread beyond watercourses to drier sites.
Hybridization could also result in the selection of hardy forms that can invade progressively more arid habitats. Already there have been observations of 'habitat-linked natural segregation' of hybrid swarms (Poynton 1990) . 'Where mixed populations have colonised watercourses, site variation exercises a selective influence on genotype performance and survival, segregants resembling P chilensis tending to dominate on deep, alluvial soils w ith a comparatively high water table, those resembling P glandulosa var. torrcxana occupying mesic situations and those with the velvety hairs of P. velutina being found mostly on dry. stony slopes' (Poynton 1990 ).
There appears to be little information on the ecological impacts of invasive Prosopis spp. The dense stands that flourish where ground water is available such as along the Molopo River, and the evidence provided by Haas & Dodd (1972) concerning the 'extravagant' water use by P. glandulosa var. glandulosa, leads one to speculate that Prosopis spp. could have a major impact on the hydrology of the ecosystems they invade.
Prosopis spp. were originally planted to provide shade and fodder for livestock. However, where thickets have developed, pod production has decreased (H.G. Zimmermann pers. comm.) and the dense, thorny growth not only restricts the movement of livestock but also results in their injury and even death (R. Price pers. comm.).
Cattle ranching areas in the Savanna Biome could be threatened by invasive Prosopis spp. Studies by Brown & Archer (1989) in south-western North America have shown that seedling emergence and survival of P. glandulosa var. glandulosa in grasslands is enhanced by herbaceous defoliation regardless of grazing history. They have a hypothesis that the recent invasion of grasslands in south western North America by P. glandulosa var. glandulosa is related to the introduction of cattle and the effective dispersal of large quantities of viable seeds away from the riverine systems to which they were largely confined.
In an integrated approach to the control of Prosopis spp.. Several Opuntia spp. were recorded in the study area and these occurred mainly or only in the Savanna Biome.
Opuntia ficus-indica was the most frequently recorded species. Although it was widespread, it was rarely abundant. Both spiny and spineless forms were recorded.
The smaller Opuntia spp. may have been underestimated, since they were difficult to see amongst the tall grass cover that prevailed over most of the study area. O. stricta is known to be abundant on several farms in the Stella area (H.G. Zimmermann pers. comm.) but only a few plants were seen scattered along roadsides during the survey.
O. rosea has long been known to infest several farms in the Douglas District (Stirton 1978) but only a few plants were visible from the road. This species has also been no ticed at Vryburg. Jan Kempdorp and Hartswater (De Beer 1986a) and at Kathu (M.J. Wells pers. comm ).
O. imbricata is also likely to have been underestimated. O. aurantiaca was not seen during this survey but is know n to be invasive in the south-eastern parts (Brown & Gubb 1986; Stirton 1978 A small cactus, possibly Trichocereus spachianus.
which has been planted as a hedge and for ornament, has escaped locally. The much larger Cereus peruvianus (= cf. jamacaru fide H.F. Glen pers. comm .) which is invasive in the Savanna Biome of the Transvaal (Taylor & Walker 1984; Henderson & Wells 1986) , and reported by Brown & Gubb (1986) as invasive in the northern Cape savanna, was rarely seen and only as a cultivated plant. These species should be regarded as potentially impor tant invaders and naturalized plants should be eradicated.
Since C. peruvianus is a declared weed in South Africa (Republic of South Africa 1984) all cultivated plants of this species should also be eradicated.
Nicotiana glauca is widely naturalized in southern
Africa and in South Africa the greatest densities of plants occur in the dry western and central parts of the Cape (Stirton 1978) . It is exceedingly abundant along the lower reaches of the Orange River through the Richtersveld (pers. obs.) and dense infestations occur along the lower 20 km of the Ugab River in northern Namibia (Brown & Gubb 1986 ). In the study area it was mostly recorded as isolated plants or small groups of plants in disturbed places such as along roadsides and road cuttings, around habitations, on piles of rubble and along perennial and seasonal water courses.
Most Eucalyptus spp. were confined to the immediate surroundings of habitations and plantations. However.
Eucalyptus sp. cf. camaldulensis was recorded along watercourses far from any plantings. According to Brown & Gubb (1986) E. camaldulensis and E. microtheca are highly invasive in the northern Cape savanna. Apart from their occurrence in virtually all habitats disturbed by human agency they have invaded naturally disturbed and undisturbed habitats. These include dry river alluvium, episodic river banks, rocky and sandy habitats, and islands in perennial rivers (Brown & Gubb 1986 ).
Most records of Melia azedarach were of isolated plants or small groups of plants. This species was largely confined to the Savanna Biome where it occurred most frequently along roadsides and around habitations, but it also occurred along perennial and seasonal watercourses. It was only recorded along the Orange River in the NamaKaroo Biome. It could become an important invader of perennial rivers judging by its success in these habitats in other parts of South Africa (Henderson & Musil 1984; Henderson 1989 ).
Salix habylonica is widely naturalized along water courses in the Grassland Biome of South Africa (Hender son in press). In the study area it was recorded mainly along the Vaal River in the Barkly West District. Since it only propagates vegetatively from detached branches (Henderson in press) its further spread in the study area will be limited to perennial and seasonal watercourses.
Aruruio donax occurred mainly as small groups of plants along the Orange and Vaal Rivers and occasionally along roadsides, around habitations, and at watering points. Since it is very similar in appearance to the indigenous reeds (Phragmites spp ), there is a danger that it will spread un noticed. It is capable of forming dense stands by propagat ing vegetatively from rhizomes. In the study area it may also spread from seed, since flowering plants were seen at Upington. Gubb 1986) indicates that this species is also capable of invading habitats undisturbed by human activities.
Schinus molle was confined to the Savanna Biome. It was most frequently recorded along roadsides and in disturbed sites around habitations and mining areas but was also seen along watercourses. Its popularity as a shade and ornamental tree, its hardiness to drought and frost and its fleshy fruits which are attractive to birds (Ridley 1930) are all factors that should favour the further spread of this species. The same predator) wasp that has been found in the seeds of Schinus terebinthifolius and w hich may have prevented it from becoming a serious weed in Natal, has been found in the seeds of 5. molle in various parts of South Africa (S. Neser pers. comm.). This wasp, however, appears to damage fewer seeds of 5. molle than of 5. tere binthifolius (S. Neser pers. comm.).
Relation of invasion to environmental factors
The greatest abundance and diversity of alien invader plants were recorded in disturbed sites near human settlements, such as the outskirts of towns, villages and farm homesteads. Prosopis trees planted in the dry riverbeds of the Molopo and Kuruman Rivers for shade and fodder are probably the major source of the infesta tions in these sites. Domestic livestock, w ild animals and occasional floodwaters would all have assisted in the dispersal and germination of Prosopis seed.
Evidence that Prosopis seed is dispersed by episodic floodwaters in the southern Kalahari comes from the Kalahari Gemsbok Park. Macdonald (1985) reports that regular clearing operations have to be undertaken to remove Prosopis trees which come from seed washed in from Namibia during flood years. Seed germination of Prosopis spp. is also only likely to occur after rains or river floods. These conditions are necessary for the germination of indigenous plants in the southern Kalahari as the moisture supplies in the upper soil layers are other wise inadequate (Leistner 1967).
There have been at least four major flooding events in the southern Kalahari this century. These were in 1918 . 1934 . 1963 (Leistner 1967 -1976 (Anon. 1974a Van der Walt 1976) . Although the floodwaters reached the lower Molopo River in the first three instances, there were no Prosopis infestations recorded until after the run of high rainfall and flooding events of the 1970s (Kruger et al. 1986; Macdonald 1985) . Exceptional rainfall was record ed in the Kalahari Gemsbok Park in 1974 -1976 (Anon. 1974a Rodrigues 1987; Van der Walt 1976) . The Auob River flowed in five consecutive years from 1972 -1976 (Anon. 1974a Rodrigues 1987) . the Nossob in at least two years, 1972 years, and 1974 years, (Anon. 1974a . The Kuruman River flowed for the first time in living memory in 1974 and again in 1975 and 1976 , reaching the lower Molopo River at Andriesvale in each instance (Haagner 1976 However, it is dispersed by baboons in the Kruger National Park (K. Maggs pers. com m .), and in Australia, where it became a major pest, it was spread by many species of birds and animals (Mann 1970) .
Opuntia rosea and O. imbricata are spread vegetatively from plant fragments which are easily detached. Barbed hooks on the spines enable these fragments to become easily attached to passing humans and animals. O. rosea can also be dispersed by farm implements and vehicles (De Beer 1986a, b) .
C O N CLU SIO N Several factors have contributed to the relatively low level of alien plant invasion in the northern Cape. The most important of these are the arid climate and extremes of temperature which have drastically limited the number of alien species that could be grown here successfully. Compared to the regions further east, there has been little agricultural development and human settlement and hence fewer propagules of alien plants and less disturbance of the natural plant cover.
The invasive Prosopis spp. are a cause for major concern. All watercourses are potentially at risk from invasion by these species and there is a possibility that they may spread to drier sites. Already they have formed dense stands along stretches of the Molopo and Kuruman Rivers and tributaries of the Orange River. Dense stands along the episodic rivers could have a serious impact on the hydrology of these ecosystems. This, together with the impenetrability of the infestations and injuries caused to livestock, could threaten the livelihood of farmers along these watercourses.
The Opuntia spp. known to be invasive in this region are not considered to be a serious problem since various methods of control are available for all of them. The danger lies in their uncontrolled spread and this applies particu larly to O. rosea for which there is no effective biological control at this stage (H.G. Zimmermann pers. comm.).
There is also a danger that new species of Opuntia or other genera of the family Cactaceae may become invasive.
The perennial rivers have been invaded by a spectrum of alien species and the intensity of invasion is likely to increase in the future. Until studies have been undertaken to assess the ecological impacts of these invaders, efforts should be made to control the spread of all alien plant species along rivers and to discourage the planting of alien trees along riverbanks.
